Abstract. The use of synthetic and natural fibers in composite materials has been proven to increase strength and reduce required amounts of basic building materials. Previous research has determined that fibers have a high tensile strength and the potential to increase the cohesive and tensile strengths of asphalt mixtures. Additionally, previous research suggests that skid resistance is influenced by changes in the asphalt penetration grade. Short decorticated and pulp coconut fibers were used as additives in this study. Short coconut fibers measuring 0.5-1.25 cm were mixed with pen 60/70 asphalt to yield fiber contents of 0%, 0.75% and 1.5%. The fibrous asphalt was mixed with asphalt-concrete-wearing-course-grade aggregate. The asphalt concrete mixture was molded and compacted with a wheel tracking compactor using an 8.16-ton standard vehicle axle load. Specimens were subsequently tested with a British pendulum tester at temperatures of 26 ºC, 30 °C, 35 °C, 40 °C, 45 °C, and 50 °C. Skid resistance decreased with an increase in pavement surface temperature. The inclusion of 0.75% coconut fiber in the asphalt mixture improved skid resistance but did not improve resistance to increased road surface temperatures.
Introduction
In Indonesia, as in a number of other tropical countries, an increase in surface temperature causes a decrease in the performance of asphalt mixtures as the surface layer of pavement structures. One of the main components of hot mix asphalt (HMA) is the asphalt binder. Asphalt cement is a darkbrown-to-black cement-like material obtained mainly from petroleum refining. The asphalt available from refineries is too soft for paving in high temperature regions in the summer and too brittle for paving at subzero winter temperatures in various countries [1] . One of the functions of the surface layer is to ensure the safety of the road users and to reduce traffic accidents, including those caused by wet surface conditions that can lead to reduced adhesion (friction).
Coconut fiber is widely used in composite materials. In general, coconut fiber must be treated before it can be used. Indonesia, as a tropical country, has a large amount of coir, both processed and unprocessed. As a consequence, the waste products of coir processing can cause environmental pollution. There are two types of coconut fibers: brown fibers, extracted from mature coconuts, and white fibers, extracted from immature coconuts. Coconut fibers are commercially available in three forms, namely, bristle (long fibers), mattress (relatively short fibers) and decorticated (mixed fibers) [2] .
The development of new technologies that make possible the construction of highways with longer useful lives, allowing the postponement of some rehabilitation interventions and a decrease in the frequency of maintenance activities, is becoming essential [3] . Asphalt mixtures can be modified by adding materials that increase strength or improve other properties. Additives such as polymers, fibers, rubber, etc., have been used to improve durability and reaction to temperature extremes. One problem with all asphalt applications is the tendency for the asphalt to become brittle at low temperatures and soft at high temperatures. This change due to temperature is called temperature susceptibility [4] .
The measurement of skid resistance in the laboratory should not be forgotten, as the design of an asphalt mixture can improve safety for road users. The required skid resistance is determined from the road's design speed classification. Reference values for required skid resistance based on vehicle speed are given in Table 1 .
Skid resistance can be defined as the steady-state friction forces acting on a locked test wheel as it is dragged over wet pavement under constant load and at a constant speed while its major plane is parallel to the direction of motion and perpendicular to the pavement [6] . Skid resistance is the resistance of the road surface to a sliding or skidding vehicle: the relationship between the vertical and horizontal forces of a vehicle to the road surface. Furthermore, the resistance provided by the road surface's texture to slippage after traffic loading is an important factor in skid resistance design. The relationships between the measured frictional resistance and the magnitude of the contact sliding area and between friction resistance and the aggregate gap width or the number of gaps between the aggregate are not simple. Further studies are needed to investigate additional factors that influence the measured frictional resistance [7] . Traffic accidents are common in the rainy season, especially during the early rains. This phenomenon may be due to the low skid resistance of the road surfaces, as well as lack of driver awareness of tire groove depth. Several of the factors affecting road skid resistance include the surface porosity of the pavement, surface wear caused by studded tires and aggregate, the polishing of surface aggregate, rutting due to compaction, bleeding and flushing of the bituminous binder to the surface, and contamination (e.g., by rubber, oil, water) [8, 9] . AASHTO and ASTM have developed different standards for assessing the friction characteristics of roadway surfaces and evaluating the surface indicators that are directly and explicitly correlated with friction. Portable devices for assessing friction require lane closures and include the British pendulum tester (BPT) (AASHTO T278) and the dynamic friction tester (DFT) (ASTM E1911) [10] .
The purpose of this study was to determine the effect of the addition of coconut husks to asphalt mixtures with regard to vulnerability to the effects of temperature and to determine changes in skid resistance after several vehicle track wheel loads.
Materials and methods
Asphalt cement and aggregate. Aggregate was obtained from Rumpin-Bogor in the province of West Java, Indonesia. The composition of the aggregate, described in Table 2 and Figure 1 , conforms with the specification for asphalt concrete wearing course (ACWC) aggregate, to be used in pavement surface layers. The composition of the aggregate consists of 3 parts: coarse aggregate, medium aggregate and fine aggregate. Various properties of the aggregate were tested, and the results are given in Table 3 .
The pen 60/70 asphalt used in this study was obtained from Chevron and tested, with results being shown in Table 4 . This type of asphalt is used in asphalt concrete mixes for rural and urban roads in Indonesia and therefore meets the specified requirements. Coconut-fiber asphalt formulation. The coconut fiber was cut to a length of 5-12.5 mm and added to asphalt pen 60/70 to achieve fiber contents of 0.75% and 1.5% by weight. The asphalt was heated to 150-160 ºC before adding the fibers. After adding the fibers, the mixture was stirred for 10 minutes until evenly mixed. Fibrous asphalt can be stored and reheated when ready to be mixed with aggregate. Coconut fiber will burn at a temperature below that of the flash point of asphalt. Therefore, the fibers and the asphalt must be mixed at a temperature below that of coconut husk ignition.
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Mix design and preparation of the skid resistance test. The determination of the optimum bitumen content (OBC) of the asphalt-aggregate mix was performed by the Marshall test (ASTM D-1559). Four variations of asphalt concrete were tested, with 5%, 5.5%, 6% and 6.5% pen 60/70 asphalt by weight. It has been found that for air voids of between 3% and 6% (the prevailing boundary conditions in Indonesia), the optimum amount of bitumen is 6.3%. The optimum bitumen content was also used for the modified hot mix (coconut-fiber) asphalt. Specimens were prepared using these mix characteristics and compacted using a roller compactor during the wheel tracking test. After the wheel tracking test, the specimens were cut into several pieces of 120 mm x 50 mm x 50 mm each. These pieces were tested in the laboratory using a skid resistance tester to determine the British pendulum number (Fig. 2) . For the skid resistance tests, the specimens were submerged in water baths heated by an electric heater. The water level was set at the surface of the specimen using the tub faucet. This method was used to ensure that the temperature remained even throughout the specimen [11] .
Results and discussion
Influence of coconut fiber on skid number before load passes. The skid number test results are given for 3 types of specimens: the first is virgin asphalt, the second is asphalt modified by the addition of 0.75% coconut fiber and the third is asphalt modified by the addition of 1.5% coconut fiber. In Figure 3 , it can be seen that the addition of 0.75% coconut fiber increased the skid number, but at temperatures between 26 °C and 40 °C, the skid number decreased more rapidly than for the other samples. The asphalt with 0.75% coconut fiber appears to be more sensitive to changes in temperature than the virgin asphalt mix or the asphalt with a coconut fiber content of 1.5%. The addition of 1.5% coconut fiber does not significantly change the skid number.
Influence of coconut fiber on skid number after load passes. Figure 4 shows the skid number changes with changes in temperature. These tests were performed after the specimens were subjected to the pass of the wheel load tracking tool as 2,520 times. The specimens with 0.75% and 1.5% coconut fiber had nearly the same skid number at temperatures below 30 °C. However, at higher temperatures, there was a slight difference, with the 0.75% coconut fiber specimen having a higher skid number. For the virgin asphalt mixture specimen subjected to 7,560 load passes, the skid number was lower. It can be concluded that the skid number will continue to decrease with an increasing number of passes. Influence of coconut fiber content on skid number characteristics. Figures 5-7 show the effects on skid number of an increase in temperature for two types of specimens: those that were not subjected to load passes and those that were. These figures show different trends. For the virgin asphalt specimen, there does not seem to be any difference between the specimens before and after the imposition of load passes (Fig. 5) . However, for the specimens with coconut fiber, the curves have a different shape prior to loading (Figs. 6 and 7) . Between 26 °C and 40 °C, the skid numbers declined more rapidly, but at higher temperatures, there tended to be smaller changes. Conversely, for the loaded specimen with 0.75% coconut fiber, the skid number changed little on heating to 40 °C. From this result, it can be concluded that the addition of 0.75% coconut fiber creates more resistance to temperature changes than the addition of 1.5% coconut fiber.
The addition of 0.75% coconut fiber to the asphalt mixture increases the skid number by 19% compared with the virgin asphalt mixture. However, after a few thousand passes, the skid number tends to decrease to nearly the same value for all types of asphalt mixture studied.
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Conclusions
The purpose of this study was to evaluate the contribution of coconut fiber to the skid resistance of asphalt mixtures. Coconut fiber contents of 0.75% and 1.5% were studied using bitumen with a high penetration grade and a low softening point. The addition of 0.75% coconut fiber to the asphalt mix primarily improved performance by improving skid resistance and did not increase the resistance of the asphalt to the effects of temperature change. Skid resistance decreased with an increasing number of vehicle passes.
